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Description 

PHASE CHANGE MEMORY CELL ON 
SILICON-ON-INSULATOR SUBSTRATE 

Background of Invention 

[0001] FIELD OF THE INVENTION 

[0002] This invention relates to semiconducting devices, and 
more particularly to a memory device including a phase 
change material that has electrical properties of a field ef- 
fect transistor and/or bipolar transistor. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Phase change materials may exhibit at least two different 
states, which may be amorphous or crystalline. The amor- 
phous state involves a more disordered crystal structure. 
Transitions between these states may be selectively initi- 
ated. The phase change may be induced reversibly. Of 
particular interest are chalcogenide alloys, which contain 
one or more elements from Group VI of the Periodic Table 
of Elements. 



[0005] Phase change materials are used in standard bullc silicon 
technologies to form the memory elements of nonvolatile 
memory devices. Each memory cell may be thought of as a 
variable resistor, which reversibly changes between higher 
and lower resistivity states corresponding with the crys- 
talline state of the phase change material. The states may 
be distinguished because the amorphous state generally 
exhibits higher resistivity than the crystalline state. The 
phase change material allows for the storage of data be- 
cause each phase of the phase change material may be 
distinguished by its" resistance. 

[0006] In these devices, the phase changes of the memory ele- 
ment in the memory devices are accomplished by direct 
heating of the phase change material with high program- 
ming currents. Conventionally, bipolar transistors are 
used to deliver high programming currents by directly 
heating the phase change material. Due to the high cur- 
rent, direct heating of the phase change material can 
cause the phase change material to degrade over repeated 
programming operations, therefore reducing memory de- 
vice performance. 

[0007] A phase change memory device is needed that overcomes 
memory device degradation due to direct heating of the 



phase change material. Moreover, a phase change mem- 
ory device is needed that further reduces the minimum 

memory cell area of a memory array layout. 
Summary of Invention 

[0008] An object of the present invention is to provide a memory 
structure comprising a phase change material in which the 
electrical properties of the structure are controlled by in- 
directly heating the phase change material. Another object 
of the present invention is to provide a phase change 
memory cell that comprises a hybrid metal oxide field ef- 
fect transistor/bipolar transistor, where the electrical 
properties of the hybrid field effect/ bipolar transistor are 
controlled by phase changes produced by indirectly heat- 
ing the phase change material. 

[0009] The present invention advantageously provides a memory 
device including a hybrid MOSFET and bipolar transistor, 
where the gate of the MOSFET device is replaced by a thin 
layer of phase change material that functions as the mem- 
ory element of the memory cell. Broadly, the inventive 
memory device comprises: 

[0010] a transistor having an emitter, a base, and a collector, the 
base having a lower surface adjacent an insulating layer; 
and 



[0011] a base contact comprising a phase cliange material. 

[0012] The emitter, base, and collector regions are formed in an 
SOI layer of a silicon-on-insulator substrate. At least a 
portion of the phase change material is formed on the up- 
per surface of the base portion of the SOI layer. 

[0013] Applying high current through the transistor portion of 
the upper Si-containing layer (SOI layer) indirectly heats 
the phase change material to its melting temperature. The 
term "high current"is meant to denote current through the 
transistor onthe order of about 5.0 milli-amperes per mi- 
crometer width of the transistor (mA/pim width of the 
transistor). Quenching the phase change material back to 
its solid state provides a phase change material having an 
amorphous state. Applying a lower current through the 
transistor portion of the SOI layer indirectly heats the 
phase change material to a lower temperature yet above 
the crystallization transition temperature, converting the 
phase change material to a crystalline state. The term "low 
current" is meant to denote current through the transistor 
on the order of about 1.0 milli-ampere per micrometer 
width of the transistor (mA/pim width of the transistor). 
The magnitudes of both programming currents stated 
above are relevant to semiconductor technology having a 



minimum feature size of about 130 nm or less, wliere tlie 
programming currents scale downward with smaller fea- 
ture size. The change in the crystalline structure of the 
phase change material affects the electrical properties of 
the device. 

[0014] The electrical properties produced by the different crys- 
talline states of the phase change material may be config- 
ured to provide a semiconducting device that functions as 
either a field effect transistor (FET) or a bipolar junction 
transistor (BJT) depending on the crystalline state of the 
phase change material. Another aspect of the present in- 
vention is a semiconducting device that comprises: 

[0015] a substrate comprising a first doped region flanked by a 
set of second doped regions; 

[0016] a phase change material positioned on the first doped re- 
gion; and 

[0017] a conductor positioned on the phase change material, 

wherein when the phase change material comprises a first 
phase the semiconductor structure operates as a bipolar 
junction transistor (BJT) and when the phase change ma- 
terial comprises a second phase the semiconductor struc- 
ture operates as a field effect transistor (FET). 

[0018] Specifically, the first phase of the phase change material is 



crystalline. The crystalline phase change material provides 
a low resistance/high conductivity ohmic contact between 
the first doped region and the conductor resulting in a 
device functioning similar to a bipolar Junction transistor 
(BJT). The resistivity of the phase change material in the 
bipolar Junction transistor (BJT) mode is less than about 
10.0 milliOhm-cm (mQ-cm). The second phase of the 
phase change material is amorphous. The amorphous 
phase change material provides a high resistance/low 
conductivity ohmic contact between the conductor and the 
first doped region, where the phase change material func- 
tions similar to the gate dielectric of a field effect transis- 
tor (FET). The resistivity of the phase change material in 
the field effect transistor (FET) mode is more than about 
10.0 KiloOhm-cm (kQ-cm). 
[0019] Another aspect of the present invention is a method of 
forming the above-described phase change material 
memory device having a hybrid MOSFET/bipolar Junction 
transistor. In broad terms, the method comprises the 
steps of: 

[0020] providing a sacrificial gate atop a first conductivity region 
of a Si-containing layer of an SOI substrate, the sacrificial 
gate flanked by dielectric spacers; 



[0021] forming second conductivity regions abutting the first 

conductivity region in the Si-containing layer; 
[0022] removing the sacrificial gate to provide a gate via; 

[0023] forming a phase change material liner within at least a 

portion of the gate via; and 
[0024] forming a gate conductor on the phase change material 

liner. 

[0025] Another aspect of the present invention is a method of in- 
tegrating the above-described phase change material 
memory structure in conjunction with logic circuitry. In 
broad terms, the integration comprises: 

[0026] providing an initial structure comprising a memory region 
and a logic region formed atop a silicon-on-insulator 
substrate, the logic region comprising at least one gate 
region, the memory region comprising a plurality of sacri- 
ficial gate regions; 

[0027] implanting extension region dopants into the logic region; 

[0028] forming a dielectric layer atop the memory region and the 
logic region, where the dielectric layer is planar with a top 
surface of the plurality of sacrificial gates in the memory 
region and at least one sacrificial gate in the logic region; 

[0029] providing an etch stop layer atop the logic region; 



[0030] removing at least one sacrificial gate from the plurality of 
sacrificial gates in the memory region to provide at least 
one gate via, wherein the logic region is protected by the 
etch stop layer; 

[0031] forming a phase change material liner within at least a 

portion of at least one gate via; 
[0032] forming a gate conductor on the phase change material 

liner; and 

[0033] providing interconnect wiring to the memory region and 

the logic region. 
Brief Description of Drawings 

[0034] FIG. 1 illustrates (through a cross-sectional view) a semi- 
conducting device comprising a phase change material 
atop a doped portion of the substrate. 

[0035] FIG. 2 depicts the equivalent circuit of the semiconducting 
device including a phase change material positioned be- 
tween a base contact and the substrate. 

[0036] FIG. 3 illustrates a plot of resistivity [Q-cm] vs. annealing 
/programming temperature [°C] for the phase change ma- 
terial. 

[0037] FIG. 4 depicts (through a cross-sectional view) a thermal 
analysis of the semiconducting device when current is ap- 
plied through the SOI layer underlying the phase change 



material. 

[0038] FIG. 5 illustrates a plot of current [mA/|jm] measured at 
the collector of semiconductor devices, one having an 
amorphous phase change material and one having a crys- 
talline phase change material, when a voltage is applied to 
the base of each device. 

[0039] FIG. 6 illustrates a memory/array layout, incorporating 
semiconducting devices having the phase change mate- 
rial. 

[0040] FIGS. 7-15 illustrates (through a cross-sectional view) a 
method of forming a semiconducting device having a 
phase change material integrated within the memory re- 
gion of a memory/logic device. 
Detailed Description 

[0041] The present invention provides a memory device compris- 
ing a hybrid MOSFET and bipolar transistor, where the 
crystalline state of a phase change material is controlled 
by indirect heating. The present invention is now dis- 
cussed in more detail referring to the drawings that ac- 
company the present application. In the accompanying 
drawings, like and or corresponding elements are referred 
to by like reference numbers. 

[0042] Reference is first made to FIG. 1, which illustrates a phase 



change memory device 15 comprising a liybrid metal ox- 
ide semiconductor field effect transistor (MOSFET)/bipolar 
junction transistor having a phase change material 17 that 
functions as the gate dielectric of a MOSFET or the base 
contact of a bipolar Junction transistor, depending on the 
crystalline state of the phase change material 17. 
[0043] jhe phase change memory device 15 is formed on a sili- 
con-on-insulator substrate 28 including a silicon- 
containing upper layer 16 (hereinafter the SOI layer), insu- 
lating layer 18, and bottom bulk silicon-containing layer 
29. The SOI layer 16 comprises a first type dopant region 
20 flanked by a set of second type dopant regions 19, 21. 
When the phase change memory device is operating simi- 
lar to a bipolar junction transistor, the first type dopant 
region 20 may be referred to as a base 20 and the set of 
second type dopant regions 19, 21 are commonly referred 
to as the emitter 19 and the collector 21. When the phase 
change material memory device is operating similar to a 
metal oxide semiconductor field effect transistor 
(MOSFET), the first type dopant region 20 may be referred 
to as a channel 20 and the set of second type dopant re- 
gions 19, 21 are commonly referred to as the source 19 
and the drain 21. Hereinafter, without wishing to bound. 



the doped regions of the SOI layer 16 will be referred to as 
the emitter 19, base 20, and collector 21, despite the op- 
erating mode of the memory device. 
[0044] Still referring to FIG. 1, a phase change material liner 17 is 
positioned between an overlying gate 22 and the base 
portion 20 of the SOI layer 16. The phase change material 
liner 17 also separates gate 22 from a set of spacers 23, 
where each spacer 23 is positioned flanking the gate 22. 
The phase change material liner 17 may comprise chalco- 
genide alloys. The term "chalcogenide" is used herein to 
denote an alloy or compound material, which contains at 
least one element from Group VI of the Periodic Table of 
Elements. Illustrative examples of chalcogenide alloys that 
can be employed herein include, but are not limited to, al- 
loys of Te or Se with at least one of the elements of Ge, 
Sb, As, Si. 

[0045] Referring now to the equivalent circuit diagram of the 

phase change memory device 15 inbipolar junction tran- 
sistor (BJT) mode depicted in FIG. 2, the phase change 
material liner 17 may be integrated into the hybrid MOS- 
FET/bipolar junction transistor as a variable resistor 24. 
The phase change material liner 17 may be integrated as a 
variable resistor 24, since the resistance of the phase 



change material can be varied corresponding to changes 
in the phase change material liner"s 17 crystalline struc- 
ture. 

[0046] Specifically, the equivalent circuit 10 of the present mem- 
ory device comprises a base contact 25, emitter contact 
26, and collector contact 27. The base contact 25 is the 
gate 22 of the device. The emitter contact 26 and collec- 
tor contact 27 are the emitter and collector silicide re- 
gions. The phase change material liner 17 may function as 
a variable resistor 24, where electrical contact between 
the base contact 25 and the base 20 must extend through 
the variable transistor 24. 

[0047] The phase change material liner 17 may have an amor- 
phous state or a crystalline state. When in an amorphous 
state, the phase change material liner 17 is electrically in- 
sulating and functions similar to the gate dielectric of a 
metal oxide semiconductor field effect transistor 
(MOSFET). When in a crystalline state, the phase change 
material liner 17 is conductive and functions similar to the 
base contact of a bipolar transistor. The variation in elec- 
trical conductivity corresponding with changes in phase 
change material liner"s 17 crystalline structure provides 
for the variable resistor 24 integrated within the hybrid 



MOSFET/bipolar junction transistor, illustrated in the 
equivalent circuit 10 of Fig. 2. 
[0048] Referring to the plot depicted in FIG. 3, the relationship 
between the resistivity and the crystalline structure of the 
phase change material liner 17 is now examined. It is 
noted that the measurements of the Ge Sb Te phase 
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change material liner 17, depicted in FIG. 3, represent 
only one embodiment of the present invention and is 
given for illustrative purposes only. Therefore, the inven- 
tion should not be deemed limited thereto. 
[0049] The data line indicates the resistivity measurements of 
one embodiment of the phase change material liner 17, 
having composition Ge^Sb^Te^ (GST), at temperature 
ranging about 25°C to about 275°C. The starting GST ma- 
terial, at a temperature of about 25°C, is in the amor- 
phous phase. As temperature increases to Tl, about 
125°C, the resistivity of GST drops rapidly from about 
10.0 n-cm (ohm-cm) to about 20.0 mO-cm 
(milli-ohm-cm). Further increase in GST temperature to 
T2, above about 180°C, further decreases the resistivity to 
lower than about 2.0 mQ-cm (milli-ohm-cm). Tl and T2 
illustrate the crystallization transition temperatures of 
GST, where Tl represents the transition temperature for a 



phase change from an amorphous phase to Face Center 
Cubic (FCC) and T2 represents the transition temperature 
for a phase change from Face Centered Cubic (FCC) to 
Hexagonal (Hex). When the temperature of the GST is in- 
creased above the melting temperature, not shown in Fig- 
ure 3, the GST melts and upon rapid quenching the GST 
returns to the amorphous solid phase. For GST the melt- 
ing point is about 620°C. 
[0050] More specifically, referring to FIG. 3, the electrical resis- 
tivity of the amorphous Ge Sb Te decreases from ap- 
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proximately 10 Q-cm to greater than approximately 2.0 
mQ-cm (milli-ohm-cm) when heated to at a temperature 
of approximately 150°C; corresponding with a phase 
change from an amorphous state to a face centered cubic 
crystalline state. As exemplified by the plot depicted in 
FIG. 3, a phase change from a crystalline to amorphous 
crystal structure, results in a change of conductivity by at 
least a factor of 4, preferably being a factor of 6. 
[0051] As indicated above, variations in temperature may re- 

versibly convert the crystalline state of the phase change 
material liner 17 from an amorphous to crystalline state or 
from a crystalline state to an amorphous state. In contrast 
to conventional phase change memory devices that di- 



rectly heat the phase change material, the present inven- 
tion may control the crystalline state of the phase change 
material by indirectly heating the phase change material 
liner 17. Specifically, in a preferred embodiment of the 
present invention, phase changes may be produced by 
driving current through the SOI layer 16, where heat pro- 
duced in the SOI layer indirectly heats the phase change 
material liner 17. Alternatively, the phase change material 
liner 17 may be directly heated. 

[0052] FIG. 4 depicts a thermal analysis of one embodiment of 
the memory device of the present invention incorporating 
a GST phase change material liner 17 in the reset mode, 
where resetting the phase change material memory device 
converts the GST material to the high resistance amor- 
phous phase. The voltage applied to the base contact 25 
is approximately 1.5 V and the voltage applied to the col- 
lector contact 27 is approximately 2.5 V. At these voltages 
for a time period of the 30 nanoseconds, the SOI layer 16 
is heated to a peak temperature of greater than approxi- 
mately 700°C, where the heat radiating from the SOI layer 
16 indirectly heats the phase change material from ap- 
proximately 25°C to approximately above 625°C. 

[0053] The operability of a memory device incorporating a 



phase-change material liner 17, having electrical proper- 
ties similar to those depicted in FIG. 3, are now described 
in greater detail. When the phase change material liner 17 
is in a low resistance/high conductivity state, having an 
ordered crystalline crystal structure, the memory structure 
exhibits the electrical properties similar to a bipolar junc- 
tion transistor (BJT). The gate region 22 functions like a 
base contact 25 providing electrical contact through the 
highly conductive phase change material liner 17 to the 
base region 20 of the SOI layer 16. The variation in resis- 
tivity of the phase change material liner 17 is greater than 
four (4) orders of magnitude, preferably from about 100.0 
O-cm (ohm-cm) to about 2.0 mQ-cm (milli-ohm-cm). 
[0054] vvith a p-type SOI substrate and a p-type gate/base con- 
ductor, when the phase change material liner 17 is in a 
high resistance/low conductivity state, having an amor- 
phous structure, the memory structure exhibits electrical 
properties similar to a accumulation device, such as a 
normally-on n-type metal oxide semiconductor field ef- 
fect transistor (NMOSFET). The amorphous phase of the 
phase change material liner 17 is insulating having a re- 
sistivity greater than about 100.0 O-cm (ohm-cm). The 
accumulation device mode is the result of a work function 



difference between the gate material 22 and base portion 
20 of tlie SOI layer 16. Therefore, the phase change mate- 
rial liner 17, when in an amorphous state, functions simi- 
lar to the gate dielectric of a MOSFET. 
[0055] FIG. 5 further illustrates the electrical properties of a 

memory device incorporating a Ge^Sb^Te^ phase change 
material liner 17. Fig. 5 depicts the current measured at 
the collector 21 (I ) of a memory device having an 

collector 

amorphous phase change material liner 17 and a memory 
device having a crystalline phase change material liner 17 
as a function of the voltage applied to the base contact 25 
(Vbase) of each device. It is noted that the voltages de- 
picted in FIG. 5 are relative and that other voltages have 
been contemplated and are within the scope of this dis- 
closure, so long as the relationship between the voltage 
and the current, which is dependent on the crystalline 
state of the phase change material liner 17, is maintained. 
It is further noted that the measurements depicted in FIG. 
5 are given for illustrative purposes only; therefore, the 
present invention should not be limited thereto. 
[0056] Referring to FIG. 5, the data plotted with diamond shaped 
data points 30 represents current measurements of a 
memory device having a crystalline phase material liner 17 



between the gate 22 and the base 20 of the SOI substrate 
16. The current measurements taken at the collector of a 
memory device having a crystalline phase liner 17 be- 
tween the gate 22 and the base 20 indicate that the mem- 
ory device operates similar to a bipolar junction transistor. 
The data plotted with circular shaped data points 31 rep- 
resents current measurements of a memory device having 
an amorphous phase material liner 17 between the gate 
22 and the base 20 of the SOI layer 16. The current mea- 
surements taken at the collector of a memory device hav- 
ing an amorphous phase liner 17 between the gate 22 and 
the base 20 indicate that the memory device operates 
similar to an accumulation device, such as a MOSFET. 
[0057] Still referring to FIG. 5, at a voltage of approximately 1.0 V 
the memory device having a phase change material liner 
17 in an amorphous state, illustrated using the circular 
data points 30, and the memory device having a phase 
change material liner 17 in a crystalline state, illustrated 
using the diamond data points 30, both have an I 

collector 
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measurement of 10 mA/pim or less. At this current, both 
memory devices read as in the "off'state. At a voltage of 
+ 1.0 V, both the memory device having a phase change 
material liner 17 in an amorphous state, illustrated using 



the circular data points 30, and tlie memory device having 
a phase change material liner 17 in a crystalline state, il- 
lustrated using the diamond data points 30, both have an 
I measurement on the order of 1.0 mA/pim. At this 

collector 

current, both memory devices read as in the "on" state. 
[0058] At a voltage of 0.0 V, the on/off state of the memory de- 
vices having an amorphous phase change material liner 
17 or crystalline phase change material liner 17 differ. At 
a voltage of 0.0 V, the I measurement 3 1 of the 

collector 

memory device having an amorphous phase change mate- 
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rial liner 17 is on the order of approximately 10 mA/|jm, 
where the memory device may be programmed to be read 
as in the "on"state. At a voltage of 0.0 V, the I mea- 

collector 

surement 30 of the memory device having an crystalline 
phase change material liner 17 is approaching 10"^ mA/ 
nm, where the memory device may be programmed to be 
read as in the "off state. 
[0059] Still referring to FIG. 5, the memory device incorporating 
the crystalline state of the phase change material liner 17 
provides a device having electrical properties similar to a 
bipolar junction transistor, where the device remains in 
the "off state"at lower voltages when compared to a simi- 
lar memory device incorporating an amorphous phase 



change material liner 17, having electrical properties sim- 
ilar to a MOSFET. The amorphous phase change material 
liner 17 memory device is in the "on state"at lower volt- 
ages than the memory device having a crystalline phase 
change material liner 17 partially due to the work function 
difference between the gate 22 and the underlying SOI 
layer 16, where the phase change material liner 17 func- 
tions similar to the gate dielectric of a MOSFET. 
[0060] In a preferred embodiment, when a p+ polysilicon or 
tungsten gate 22 is positioned on an amorphous phase 
change material liner 17, which is positioned on a p-type 
silicon base 20, the memory device is normally "on"and 
when no voltage is applied to the gate 22 the memory de- 
vice will conduct due to the work function difference be- 
tween the gate 22 and the base 20. However, when the 
phase change material 17 is in the crystalline state the 
gate 22 is in direct electrical contact with the base 
through a very low resistance/high conductivity resistor; 
therefore, providing good control of the base regardless 
of the difference in work function between the base 20 
and the gate 22. 

[0061] The following operations may be conducted using a phase 
change material memory device 15 having similar electri- 



cal properties to the electrical properties of the device de- 
picted in FIG. 5. It is noted that the following operations 
represent only one embodiment of the present invention 
and that the present invention should not be limited 
thereto. The following operations are given for illustrative 
purposes only. 

[0062] A reset operation, in which the memory device writes "0", 
may be provided by applying a voltage on the order of 1.5 
volts to the base contact 25, 2.5 volts to the collector 
contact 27, and 0.0 volts to the emitter contact 26, for 
approximately 20 nanoseconds. During the reset opera- 
tion, the phase change material liner 17 is indirectly 
heated to a high temperature, on the order of about 
650°C, and quenched to provide an amorphous crystal 
structure. 

[0063] A set operation, where the memory device writes "1", may 
be provided when applying a voltage on the order of 1.0 
volt to the base contact 25, 2.5 volts to the collector con- 
tact 27, and 0.0 volts to the emitter contact 26. During 
the set operation, the phase change material liner 17 is 
indirectly heated slowly raising the temperature of the 
phase change material liner 17 to a temperature ranging 
from about 300°C to about 400°C, providing a crystalline 



structure. 

[0064] A read operation may be provided by applying 0.0 volts to 
the base contact 25, 0.5 volts to the collector contact 27, 
and 0.0 volts to the emitter contact 26. The crystalline 
structure of the phase change material liner 17 is not af- 
fected by the read operation. 

[0065] jhe method of integrating the memory device depicted in 
FIG. 1 in a memory logic array is now described in FIGS. 
6-15. In a preferred embodiment, the logic region 35 may 
comprise at least one NMOSFET and the memory region 
40 comprises at least one hybrid NMOSFET/PNP bipolar 
transistor. The logic region 35 may further comprise 
PMOSFET devices. Alternatively, the logic region 35 may 
comprise at least one PMOSFET and the memory region 40 
comprises at least one hybrid PMOSFET/NPN bipolar tran- 
sistor. 

[0066] Referring first to FIG. 6, a memory array layout is depicted 
(top-down view) having a feature size of about 4.0 in one 
direction 4F, i.e., x-direction, and having a feature size of 
about 3.0 in a second direction 3F, i.e., y-direction. Each 
memory array region is separated from the adjacent 
memory array region by an isolation region. The active SOI 
areas (Rx) 85 are separated from one another by the re- 



gions outside of active SOI areas (Rx), whicli are shallow 
trench isolation areas 90. The gate areas (PC) over the 
substrate are denoted by reference number 86. The col- 
lector and base contact (CA) area are denoted by the 
square regions 87. The emitter/source is common to all 
memory cells in each column and is electrically connected 
by metal layer (Ml) 88. 

[0067] Referring now to FIG. 7, an initial structure is provided 

having a logic region 35 and a memory region 40 formed 
on a silicon-on-insulator substrate 28 having an SOI layer 
16 atop a buried insulating layer 18. The logic region 35 
includes at least one gate region 36 and the memory re- 
gion 40 includes a plurality of sacrificial gate regions 37. 

[0068] The silicon-on-insulator substrate 28 is fabricated using 
techniques well known to those skilled in the art. For ex- 
ample, the silicon-on-insulator substrate 28 may be 
formed by a thermal bonding process, or layer transfer, or 
alternatively, the silicon-on-insulator structure may be 
formed by an oxygen implantation process, which is re- 
ferred to in the art as a separation by implantation of oxy- 
gen (SIMOX). 

[0069] The SOI layer 16 may be a Si-containing layer having a 

thickness ranging from approximately 20 nm to approxi- 



mately 70 nm. The term "Si-containing layer" as used 
lierein denotes any semiconductor material that includes 
silicon. Illustrative examples of various Si semiconductor 
materials that can be employed in the present invention 
include, but are not limited to: Si, SiGe, SiGeC, SIC and 
other like Si-containing materials. Combinations of the 
aforementioned semiconductor materials can also be used 
as the Si-containing layers of the silicon-on-insulator 
substrate 28. The buried insulating layer 18 is typically a 
buried oxide region, which may have a thickness ranging 
from about 150 nm to about 200 nm. The thickness of the 
bulk Si layer 29, underlying the buried insulating layer 18 
in not pertinent to the present invention. 
[0070] The gate regions 36, 37 in the logic portion 35 and the 

memory array 40 are then formed on the SOI layer 16. The 
gate regions 36, 37 are formed using conventional pho- 
tolithography and etching. The gate regions 36, 37 com- 
prise at least a gate electrode 38, 42 atop a gate dielectric 
39, 41. First, the gate dielectric material 39, 41 is formed 
followed by the gate electrode material 38, 42. The gate 
regions 36, 37 are then patterned by photolithography 
and etching. The gate electrodes 38, 42 are preferably 
polysilicon but may also be comprised of other conduc- 



tors including, but not limited to: elemental metals, metal 
alloys, or metal silicides. 

[0071] The gate dielectric 39, 41 may be conventional dielectric 
materials such as SiO^ or Si^N^, or alternatively high-k di- 
electrics such as oxides of Ta, Zr, Al or combinations 
thereof. Typically, the gate dielectric 39, 41 material has a 
thickness from about 1 nm to about 10 nm. The gate di- 
electrics 39, 41 preferably comprise SiO^ having a thick- 
ness from about 1 nm to about 2.5 nm. 

[0072] Following the formation of the gate regions 36, 37, a set 
of first spacers 43 are formed abutting the gate regions 
36, 37. The first spacers 43 are formed using conven- 
tional deposition and etch processes well known within 
the art. The first spacer 43 material may comprise a di- 
electric such as a nitride, oxide, oxynitride, or a combina- 
tion thereof. The first spacers 43 may have a thickness 
ranging from about 6 nm to about 12 nm. Preferably, the 
first spacer 43 is an oxide material. 

[0073] In a next process step, a memory block mask 44 is posi- 
tioned on the memory region 40 of the device using con- 
ventional photoresist application and patterning. More 
specifically, a layer of photoresist is deposited atop the 
entire structure. The photoresist layer is then selectively 



patterned and developed to form a block mask 44, pro- 
tecting the memory region 40 of the substrate, while ex- 
posing the logic region 35. 
[0074] jhe exposed logic region 35 is then processed to form 

extension regions 45, while the memory region underlying 
the block mask 44 is protected. Extension regions 45 are 
formed using a conventional ion implantation process. 
Preferably, the logic regions 35 are processed to form at 
least one NMOSFET (n-type channel MOSFET), where the 
extension regions 45 of the device are implanted with p- 
type implants. P-type extension regions 45 are typically 
produced with group III elements. In the case of the p- 
type implants, a typical impurity species is boron or BF^. 
Boron with an energy of about 0.2 keV to about 3.0 keV or 
BF^ with an energy of about 1.0 keV to about 15.0 keV 
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and a dose of about 5x10 atoms/cm to about 3x10 

2 

atoms/cm can be used to implant the p-type region. 
[0075] Alternatively, the logic region 35 of the device may in- 
clude at least one PMOSFET (p-type channel MOSFET), 
where the extension regions of the PMOSFET are im- 
planted with n-type implants. N-type implants are typi- 
cally group V elements; preferably the n-type implant is 
arsenic. The n-type regions can be implanted with arsenic 



using an energy of about 0.25 keV to 5.0 keV with a dose 
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of about 3x10 atoms/cm to about 3x10 atoms/cm. 

[0076] In another embodiment of the present invention, the logic 
region 35 of the device may include both NMOSFETS and 
PMOSFETS, where the extension regions 45 of the device 
are selectively processed using source/drain implant 
block masks (not shown) and the memory region 40 of the 
device is protected by the memory region block mask 44. 

[0077] Referring to FIG. 8, following extension region 45 forma- 
tion, the memory block mask 44 is stripped using a 
chemical strip. In a next process step, a second set of 
spacers 47 are formed abutting the first set of spacers 43 
in the logic region 35 and the memory region 40 of the 
substrate. 

[0078] Source and drain regions 46 are then implanted in both 
the logic region 35 and the memory region 40 of the de- 
vice using conventional implantation process steps, in 
which n-type and p-type regions are selectively processed 
using source/drain block masks (not shown). Preferably, 
the source and drain regions 46 of the memory devices in 
the memory region 40 and NMOSFETS in the logic region 
35 are simultaneously implanted with p-type dopants. 
The source and drain regions 46 formed in the memory 



region 40 may also be referred to as the emitter and the 
collector. 

[0079] Typical implant species for the p-type region maybe 

boron or BF^. The p-type source/drain region 46 can be 
implanted with boron utilizing an energy of about 1.0 keV 
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to 8.0 keV with a dose of about 1x10 atoms/cm to 
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about 7x10 atoms/cm . The p-type source/drain re- 
gions 46 may also be implanted with BF^ with an implant 
energy of about 5.0 keV to about 40.0 keV and a dose of 
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about 1x10 atoms/cm to about 7x10 atoms/cm . 
[0080] The n-type source/drain region 46 implants may be 

phosphorus or arsenic. N-type source/drain regions 46 
may be implanted with phosphorus using an energy of 
about 3.0 keV to about 15.0 keV with a dose of about 
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1x10 atoms/cm to about 7x10 atoms/cm . N-type 
source/drain regions 46 may be implanted with arsenic 
using an energy of about 6.0 keV to 30.0 keV with a dose 
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of about 1x10 atoms/cm to about 7x10 atoms/cm. 
[0081] Still referring to FIG. 8, silicide regions 48 are then formed 
atop the source/drain extension regions 45, source/drain 
regions 46 and gate regions 36, 37. Silicide formation 
typically requires depositing a silicide metal such as Ni, 
Co, W, Pt or Ti (and alloys thereof) onto the exposed sur- 



faces of a silicon-containing surface. A pre-clean may be 
performed prior to metal deposition to remove residual 
oxide and other contamination from surfaces on which the 
silicide regions 48 are formed using a wet cleaning pro- 
cess. Following metal deposition, the structure is then 
subjected to an annealing step using conventional pro- 
cesses such as, but not limited to, rapid thermal anneal- 
ing. During thermal annealing, the deposited metal reacts 
with Si forming a metal silicide. 
[0082] Turning to FIG. 9, a dielectric layer 49, i.e., SiO^, is de- 
posited from a tetra-ethyl orthosilicate (TEOS) precursor. 
Preferably, the dielectric layer 49 is deposited using 
plasma enhanced TEOS or plasma enhanced CVD at a 
temperature of less than about 600°C, preferably at about 
400°C. The dielectric layer 49 is then planarized using 
conventional planarization techniques, such as chemical 
mechanical planarization (CMP), until the upper surfaces 
of the silicide contacts 48 atop the gate regions 36, 37 in 
the logic region 35 and the memory region 40 are ex- 
posed. 

[0083] Referring to FIG. 10, a dielectric film 51 is then deposited 
atop the entire structure, including the logic region 35 
and the memory region 40. The dielectric film 51 may be 



a nitride or oxynitride material. In a preferred embodi- 
ment, the nitride layer 51 comprises Si^N^ and has a 
thickness on the order of approximately 10 nm. A logic 
region block mask 52 is then formed atop the logic region 
35, where the memory region 40 is exposed. The dielec- 
tric film 51 is then etched from the memory region 40, 
while the portion of the dielectric film 51 underlying the 
logic region block mask 52 is protected. The dielectric 
film 51 is etched using an isotropic low energy etch. 
Preferably, the etch chemistry is selective to the underly- 
ing dielectric layer 49 and may comprise CF^ and/or CF^. 
[0084] Referring now to FIG. 11, following dielectric film 51 etch 
the logic region block mask 52 is then removed using a 
chemical strip. In a next process step, the exposed silicide 
regions 48 atop the gate regions 36 of the memory array 
40 are removed by a conventional etch process, such as 
reactive ion etch, where the logic region 35 is protected 
by a remaining portion of the dielectric film 51. Prefer- 
ably, the silicide etch chemistry removes silicide selective 
to the TEOS oxide of the dielectric layer 49 and the silicon 
nitride (Si^N^) of the dielectric film 51. Most preferably, 
the silicide etch chemistry comprises fluorine-containing 
species, such as HF. 



[0085] Following silicide etch, the sacrificial gate regions 37 are 
removed from the memory region 40 using a conventional 
etch process, such as reactive ion etch. Preferably, the 
sacrificial gate etch selectively removes the polysilicon 
sacrificial gate regions 37 without etching the TEOS oxide 
of the dielectric layer 49 and the silicon nitride (Si^N^) of 
the dielectric film 51. Most preferably, the sacrificial gate 
etch comprises potassium hydroxide (KOH) etch 
chemistries, where the etch process terminates on the 
gate dielectric 41. 

[0086] The gate dielectric 41 is then removed from the gate re- 
gions 37 within the memory region 40 of the device using 
a selective etch process that does not substantially etch 
the underlying SOI layer 16. Preferably, the gate dielectric 
etch selectively removes the silicon dioxide (SiO^) of the 
gate dielectric 41 without etching the TEOS oxide of the 
dielectric layer 49 and the silicon nitride (512^^4) of the di- 
electric film 51. 

[0087] In one embodiment, the oxide of the gate dielectric may 
be removed by a chemical oxide removal (COR) process 
that is carried out at relatively low pressures (6 milli-torr 
or less) in a vapor of HF and NH^ and removes a portion of 
the oxide gate dielectric without damaging the underlying 



SOI layer 16. Alternatively, the gate dielectric 41 may be 
removed using dry etch processes, including but not lim- 
ited to: reactive ion etch and high-density plasma etch. In 
order to ensure that the gate dielectric 41 is removed 
without damaging the underlying SOI layer 16, the etch 
process may be timed or monitored using end point de- 
tection methods. The portion of the SOI layer 16 exposed 
following the removal of the gate dielectric 49 is then wet 
cleaned with a chemical mixture of NH OH/H O / H O or 
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HCI/H 0 / H O. 

2 2 2 

[0088] A phase change material liner 17 is then deposited atop 
the logic region 35 and the memory region 40, as de- 
picted in FIG. 12. The phase change material liner 17 may 
be deposited using low temperature deposition processes, 
at temperatures less than 600° C, including, but not lim- 
ited to: sputtering and chemical vapor deposition (CVD). 
The phase change material liner 17 may comprise chalco- 
genide alloys. Chalcogenide alloys include alloys contain- 
ing elements from Croup VI of the Periodic Table of Ele- 
ments including, but not limited to: sulfur (S), selenium 
(Se), and tellurium (Te). The phase change material liner 
17 may also comprise germanium (Ge) and antimony (Sb). 
In one embodiment, the phase change material 17 com- 



prises Ge Sb Te , most preferably Ge Sb Te (GST). Addi- 
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tionally, the phase change material liner 17 may comprise 
a thickness ranging from approximately 10 nm to approx- 
imately 30 nm, preferably being 20 nm. 

[0089] Still referring to FIG. 12, a polysilicon layer 55 is then de- 
posited atop the phase change material liner 17 by low 
temperature forming methods. Low temperature forming 
methods include any method of forming the polysilicon 
layer 55 at temperatures less than 600°G, including, but 
not limited to: plasma enhanced chemical vapor deposi- 
tion. The thickness of the polysilicon layer 55 as de- 
posited may range from about 450 nm to about 650 nm, 
preferably being about 50 nm for a 90 nm gate length LI. 

[0090] The polysilicon layer 55 is then doped to provide a con- 
ductive material suitable for a gate conductor 22. The 
dopant may be introduced by ion implantation or a doped 
the polysilicon layer 55 may be doped in situ. When form- 
ing the preferred hybrid NMOSFET/PNP bipolar transistor, 
the polysilicon layer 55 is implanted with group III ele- 
ments, i.e., boron, to produce p-type polysilicon layer 55. 
A typical implant dose for boron ranges from about 1x10 

2 15 2 

atoms/cm to about 5x10 atoms/cm at an implant en- 
ergy of about 4.0 keV to about 10.0 keV. 



[0091] Alternatively, when forming a hybrid PMOSFET/NPN bipo- 
lar transistor, the polysilicon layer 55 is implanted with 
group V elements, i.e., arsenic or phosphorus, to produce 
n-type polysilicon layer 55. Atypical polysilicon layer 55 
implant dose for arsenic ranges from about 1x10^^ 
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atoms/cm to about 5x10 atoms/cm at an implant en- 
ergy ranging from about 10.0 keV to about 30.0 keV. A 
typical implant dose for phosphorus ranges from about 
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1x10 atoms/cm to about 5x10 atoms/cm at an im- 
plant energy ranging from about 5.0 keV to about 20.0 
keV. 

[0092] The top surface of the structure depicted in FIG. 12 is 

then planarized by conventional methods, such as chemi- 
cal mechanical planarization (CMP), to remove the phase 
change material liner 17 and polysilicon layer 55 from the 
logic region stopping on the dielectric layer 51. 

[0093] Referring to FIG. 13, a layer of metal silicide 61 is then 
formed atop the memory region 40. First, a layer of low 
temperature metal is deposited atop the logic and mem- 
ory regions 35, 40. Low temperature metals include met- 
als that may be deposited at temperatures less than about 
600°C, such as Ni. Preferably, the layer of low temperature 
metal may be deposited by sputter deposition. The layer 



of low temperature metal may then be annealed to convert 
the low temperature metal layer to metal sillcide layer 61. 
During annealing, the deposited metal reacts with Si 
forming a metal sillcide. 
[0094] Optionally, the layer of metal sillcide 61 and remaining 

portion of the dielectric film 51 may be removed from the 
logic region 35 by conventional planarization or etch pro- 
cesses, terminating on the dielectric layer 49, as depicted 
in FIG. 14. In one embodiment, the dielectric film 51 re- 
mains. 

[0095] Referring to FIG. 15, in a next process step an upper di- 
electric layer 62 is blanket deposited atop the entire sub- 
strate and planarized. The upper dielectric layer 62 may 
be selected from the group consisting of silicon-con- 
taining materials such as SiO , Si N , SiO N , SiG, SIGO, 
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SiGOH, and SIGH compounds; the above-mentioned sili- 
con-containing materials with some or all of the Si re- 
placed by Ge; carbon-doped oxides; inorganic oxides; in- 
organic polymers; hybrid polymers; organic polymers such 

TM 

as polyamides or SILK ; other carbon-containing materi- 
als; organo-inorganic materials such as spin-on glasses 
and silsesquioxane-based materials; and diamond-like 
carbon (DLG, also known as amorphous hydrogenated 



carbon, a-C:H). Additional choices for tlie upper dielectric 
62 include: any of the aforementioned materials in porous 
form, or in a form that changes during processing to or 
from being porous and/or permeable to being non- 
porous and/or non-permeable. 

[0096] The upper dielectric 62 may be formed by various meth- 
ods well known to those skilled in the art, including, but 
not limited to: spinning from solution, spraying from so- 
lution, chemical vapor deposition (CVD), plasma enhanced 
CVD (PECVD), sputter deposition, reactive sputter deposi- 
tion, ion-beam deposition, and evaporation. 

[0097] The upper dielectric 62 is then patterned and etched to 
form via holes 63 to the various source/drain and gate 
conductor regions of the substrate. Following via 63 for- 
mation interconnects 64 are formed by depositing a con- 
ductive metal into the via holes 63 using conventional 
processing, such as sputtering or plating. The conductive 
metal may include, but is not limited to: tungsten, copper, 
aluminum, silver, gold, and alloys thereof. 

[0098] While the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details 



may be made without departing from tlie spirit and scope 
of tlie present invention. It is tlierefore intended that the 
present invention not be limited to the exact forms and 
details described and illustrated, but fall within the scope 
of the appended claims. 



